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OZONE IRRIGATOR 

This application claims the benefit of U. S. Provisional Application 
No. 60/261,415, filed on 12 January 2001, which provisional 
application is incorporated by reference herein. 

5 Technical Field 

Our invention pertains generally to ozone generators used for the 
p creation of ozonated fluids. It can be used for a variety of purposes, 
including oral irrigation devices primarily for home use. 

4: Background 

W 1 0 By this invention, we have improved upon the portable oral 

irrigation device. WaterPik™ is a well-known trade name belonging to 
WaterPik Technologies, Inc. The WaterPik™ is an example of the type 

! J of consumer appliance we are improving. By dissolving ozone in the 
liquid and removing the undissolved gas from the dispensed liquid, we 

m 1 5 are able to deliver a potent oxidizing liquid to the oral cavity. The 

benefits of oxidation are known and will be detailed in the summary of 
the invention. We believe the addition of dissolved ozone to an oral 
irrigant to be a significant and beneficial improvement to oral irrigators 
without dissolved ozone. We also believe dissolved ozone to be much 
20 more effective at oxidizing oral bacteria than undissolved ozone gas 
transported to a point of desired disinfection. It also should be noted 
that an ozone-containing gas potent enough to cause disinfection is 
known to be offensive to the sense of smell. 

Summary of the Invention 

25 When used as a portable oral care appliance, our invention cleans 

teeth by liquid (water or solution) irrigation similar to devices presently 
on the market. Preferably, the cleaning action is enhanced by 
pulsations of the liquid stream. What is novel is that the water 
contains dissolved ozone, which is a potent oxidizer and germ killer. 
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The dissolved ozone can reduce or eliminate gingivitis, gum bleeding, 
bad breath, teeth stains, and harmful oral bacteria. As well as cleaning 
teeth and refreshing the mouth, this inexpensive and easy to use small 
appliance can save users unpleasant and costly dental treatments and 
make them more attractive with whiter teeth and sweet breath. 
Reducing oral bacteria may also help prevent some serious diseases 
such as diabetes and coronary disease in which oral bacteria have been 
implicated. Potentially, this appliance could also substantially reduce or 
prevent dental tartar and caries, but this has not yet been confirmed. 
Other possible applications are nasal irrigation for sinusitis treatment 
or ear irrigation, eye care, and general home cleaning. In the last 
application mentioned, it is important to keep in mind the value and 
benefits of dissolved ozone as an antiseptic cleaner. The ozonated 
fluids generated by our invention can be used to clean counter tops, 
vegetables, cutting boards, changing tables, baby toys and other 
household items. Additionally, since the output pump may be 
independent of the ozone dissolving system, the ozone dissolving 
system can be configured as an add on device. Thus, our invention 
could also be used with an oral irrigator such as a Water Pik™ 
manufactured by WaterPik Technologies, Inc. In this configuration, the 
ozonated liquid is delivered by either gravity or pumped flow to the 
original reservoir connection. Thus, the oral irrigator serves as the 
delivery portion of the invention when used in this manner. 

Drawings 

Figure 1 is a schematic drawing of our preferred embodiment, 
which can be referred to as a two liquid pump system. One pump is 
used to pump and mix the ozone gas and liquid and a second pump is 
used to dispense the ozonated liquid. 

Figure 2 is a schematic drawing of an alternative embodiment, 
which can be referred to as a diffuser system using an ozone- 
containing gas pump and a diffuser to dissolve the ozone in the liquid. 

Figure 3 is a schematic drawing of another alternative 
embodiment, which can be referred to as a one liquid pump system. 



3 

This embodiment makes use of only one pump to provide the mixing and 
dispensing of the ozonated liquid. 



Figures 4A and 4B are schematic drawings of two different 
gas/liquid separators. 

5 Figures 5A, 5B and 5C are schematic drawings of three different 

liquid level controls for use when attached to a pressurized liquid 
supply. 

Figure 6 is a schematic drawing of another alternative 
embodiment. The system used in this embodiment is similar to that of 
1 0 figure 1 . The difference is in making use of a conventional non- 
ozonating oral irrigator to deliver the ozonated liquid. 

Figure 7 is a schematic drawing of another alternative 
embodiment. The system used in this embodiment is similar to that of 
figure 2. Again, the difference is in making use of a conventional non- 
15 ozonating oral irrigator to deliver the ozonated liquid. 



Detailed Description 

This invention makes possible a small, low-cost, and user-friendly 
appliance. The water source is preferably a removable refillable 
reservoir 11, but could be an attachment to a pressurized water 

20 supply 12. A pressurized water supply 12 would need a valve as 

illustrated in FIGS. 5A - 5C to regulate incoming water flow. This valve 
could be a float valve as illustrated in FIG. 5A, a solenoid valve 
controlled by a float switch as illustrated in FIG. 5B, or a solenoid valve 
controlled by the system controller 10 responsive to liquid level sensor 

25 as illustrated in FIG. 5C. 

The devices of FIGS. 1-3 generate an ozone containing gas using 
corona discharge, preferably using the corona discharge generator 
disclosed in Burris' U.S. Patent No. 5,529,760. The corona discharge 
method is preferred over the ultraviolet (UV) method, because it can 
30 produce the much higher gas ozone concentration needed to achieve an 
ozone concentration in the liquid adequate for disinfection. Preferably, 
the air supplied to the ozone generator 16 is dried by passing through a 



desiccant material 17. The desiccant material 17 should be protected 
from moist air when the device is not operating by using spring loaded- 
check valves 18 on both the entry and exit. 

The devices of FIGS. 1 and 2 dissolve the ozone in the liquid by 
5 mixing continuously during operation. (See., mixing methods disclosed in 
Burris' U.S. Patent Nos. 4,555,335, 5,207,993 and 5,213,773.) Our 
preferred mixing method is to use a positive pressure pump 19 (such 
as a piston, rotary vane, diaphragm, or, preferably, a gear pump) in a 
liquid bypass as illustrated in FIG. 1. In the bypass mixing method, a 

10 liquid line 20 from the contact chamber 23 and the line 21 from the 
ozone generator 16 come together at the pump inlet. The bypass pump 
19 mixes the gas and liquid and pumps both through the bypass line 
22a and 22b into the treatment chamber 23. Preferably, a static 
mixer 24 is used between the pump 19 and the contact chamber 23 to 

15 assist in dissolving ozone. As shown in FIG. 2, an alternate lower cost 
dissolving method diffuses the ozone containing gas into the liquid in a 
treatment chamber 27 through a fine bubble diffuser 25, preferably 
the diffuser 25 disclosed in Burris' U.S. Patent Nos. 5,422,043 and 
5,858,283. The use of a gas pump 26 rather than a liquid pump 19 for 

20 dissolving ozone results in a lower cost. 

With a constant flow of ozone containing gas in excess of what 
can be dissolved, the ozone concentration in the liquid is, in accordance 
with Henry's law, maintained at the desired level during the operation 
of the device. One of the great advantages of ozone is that according 

25 to Henry's law, the dissolved ozone concentration is determined by the 
partial pressure of ozone in the gas rather than the amount of ozone 
so long as there is an excess of ozone. The excess ozone containing 
gas is separated from the liquid after mixing, preferably by gravity (as 
illustrated in FIGS. 1-3), using a porous hydrophobic material 29 (as in 

30 FOG. 4A), or using a float vaive 28 (as in FIG. 4B). The use of a porous 
hydrophobic material 29, such as polytetrafluoroethylene, eliminates a 
moving part and thus improves reliability. The separated gas is passed 
through an ozone reducing material 30 before the gas is released to 
the atmosphere. Thus, no ozone gas is released from the device to the 

35 atmosphere, and bubbles are eliminated from the liquid output line 36 
where they might cause problems. The gas/liquid separation is 
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preferably conducted at minimal pressure to reduce the solubility of 
the gas and the tendency of bubble formation after the liquid is 
outputted to atmospheric pressure. Liquid is prevented from entering 
the ozone generator 16, preferably by use of a porous hydrophobic 
5 material 31 or a check valve 18. Liquid is prevented from entering the 
ozone reducing material 30 preferably by use of a porous hydrophobic 
material 32. 

For the pumped bypass mixing system, the preferred 
arrangement of the outlet line 22a and 22b and gas/liquid separation is 

1 0 a gravity gas/liquid separator 33 in the bypass line. The output pump 
34 is connected to the separator 33 at a point where there is only 
bubble-free liquid. The bypass mixing/circulating pump 19 and the 
output pump 34 are sized so that the bypass pump 19 always pumps at 
a greater flow rate than the output pump 34. The liquid which is not 

1 5 pumped out through the dispensing tip 35 and all of the gas is returned 
to the treatment (contact) chamber 23. Thus, the recirculated 
ozonated liquid is divided into two streams, one of which is reozonated 
(at 22b) and the other (at 36) outputted through the dispensing tip 35. 
The undissolved ozone containing gas is vented from the contact 

20 chamber 23 which also separates the gas from the liquid by gravity. 
Gravity gas/liquid separation desirably works at close to atmospheric 
pressure. The only pressure is the pressure drop through the porous 
hydrophobic material 32 and the ozone reducing material 30. 

An alternate arrangement would be for the bypass pump 19 to 
25 return the gas/liquid mixture directly to the treatment chamber 23, so 
that the chamber would be the only gas/liquid separator. In this 
arrangement and the diffuser system of FIG. 2, the untreated 
replacement liquid entry 37 should be separated from the outlet 38 to 
the output pump 34. 

30 The liquid supply can be either a pressurized water line 12 or a 

reservoir 11, which can be refilled or changed when the liquid supply 
runs low. Referring now to FIGS. 5A-5C, the liquid from a pressurized 
water line 12 can be admitted to liquid chamber 38. Liquid chamber 38 
can be configured as the contact chamber 23 of FIGS. 1 or 3 or 

35 treatment chamber 27 of FIG. 2 by a valve 5a, 5b or 5c as needed to 
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replace outputted liquid. Admission of replacement liquid from a 
reservoir can be controlled by gravity, a float valve, or a pump 
responsive to the float controlled sensor 5b or liquid level sensor 5c. 
The ozone containing liquid is pumped out of the dissolving system at 
5 the flow rate controlled by, preferably, an output valve 44 or by the 
pumping rate. Because the output pump 34 of FIGS. 1 and 2 is 
independent of the ozone dissolving system, changes in the output flow 
rate do not affect the ozone dissolving system. 

Alternately, but not preferably, the ozone pumping and mixing 
10 pump 19 could be used both for ozone pumping and mixing and for liquid 
dispensing through the use of a pressure regulator 39 to provide 
pressure to dispense as shown in FIG. 3. The advantage of this 
"straight through" method is lower cost, and the difficulty with this 
method is scaling. With scaling, as the output flow rate is adjusted by 
1 5 the user, the pump may not pump the proper ratio of gas to liquid. In 
particular, the pump may not draw enough gas through the ozone 
generator 16 at low pumping rates. An ozone gas pump 26 could be 
added to boost gas pressure at the inlet to the liquid pump 19, but 
then most of the savings disappear and the design is complicated. 
20 Gas/liquid separation is more difficult if done under pressure. A 
straight through system eliminates recirculation. Recirculating and 
reozonating the liquid has the advantage of requiring a smaller ozone 
generating and mixing system and providing more holding time to 
increase germ killing in the liquid. 

25 The technology to produce the pulsations in water flow to 

enhance the teeth and gum cleaning action of the output liquid stream 
is well established. For example, the output pump 34 can produce 
pulsations with a piston or the liquid output can pass through a 
resonator 45. What we claim in our invention is the combining of 

30 conventional oral irrigators 50 with ozonation to produce a stream of 
preferably pulsating liquid containing dissolved ozone to simultaneously 
enable the benefits of oral irrigation and ozonated liquid. 

Operation of the appliance can be further enhanced by the use of 
a controller 10. Controller 10 may be responsive to on/off switch 46, 
35 ozone sensor 47 and liquid sensor 43. An example of the controller in 



operation would be as follows. Responding to switch 46, the ozone 
producing portion of the appliance is activated. In FIGS. 1 and 6 this 
would be ozone generator 16 and pumping and mixing system 19 and in 
FIGS. 2 and 7 this would be ozone generator 16 and ozone-containing 
5 gas pump 26. When ozone sensor 47 signals the controller that an 
ozone residual has been achieved, then indicator 48, sensor display 53 
or bar-graph display 54 can indicate the presence of dissolved ozone. 
Controller 10 can then start the dispensing pump 34 of FIGS. 1, 2, 6 
and 7 while maintaining the operation of the ozone dissolving section 
10 previously described. Note that the dispensing pump 34 of FIGS. 6 and 
7 is a component part of irrigator 50. 

Referring now to FIGS. 6 and 7, the apparatus of FIG. 6 is 
essentially the same as the apparatus of the embodiment of FIG. 1 and 
the apparatus of FIG. 7 is essentially the same as the apparatus of the 

15 embodiment of FIG. 2. The significant difference in both cases is the 
detachability of the ozone system from the dispensing system. In the 
embodiments of FIGS. 6 and 7 the ozonation system is inserted 
between or in place of the removable reservoir 49 of traditional oral 
irrigator 50. In this arrangement the apparatus of FIGS. 6 and 7 

20 supplies ozonated liquid to connector 51 from liquid output line 36. 

Additionally, an electrical connection 52 can be added to the apparatus 
of FIGS. 6 and 7 so that controller 10 can operate both the traditional 
oral irrigator 50 and the ozone systems of the apparatus illustrated in 
FIGS. 6 and 7. Alternately, the electrical connection 52 can simply be 

25 provided as a convenience to minimize the number of electrical cords 
going to the electric supply receptacle at the point of operation. It 
must also be noted that the contact chamber 27 of the apparatus of 
FIG. 7 must be located to provide a gravity feed to ozonated liquid 
connection 51. 

30 To operate one preferred example of the appliance, the 

removable reservoir 11 is filled with liquid, typically tap water but also 
solutions such as isotonic saline can be used, and the reservoir 11 is 
reconnected to the appliance. Then for dental cleaning and treatment, 
the jet irrigation tip 35 is placed in the mouth and the on/off button 46 

35 is pressed. The water flow can be adjusted with the hand piece valve 
44. Preferably, an ozone sensor 47 in the ozonated liquid line 22a 
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operates an indicator 48 to show that ozone is dissolved in the liquid. 
Operation of the device can also be indicated with a display of bubbles 
of the ozone containing gas that could, in addition, enhance the 
attractiveness of the device to consumers. 



